597th MEETING, LONDON 105 characteristics is not known. Removal of bound thyroxine during dialysis was not responsible, since its concentration did not change significantly (74-71 nM). Lowering the ionic strength was also not a factor because in a gradient-elution experiment pre-albumin was eluted from the yellow gel at 0.48 M-NaCI. Table 1 shows the results of column experiments with different solutions for elution of bound pre-albumin. The mode of interaction between dye and pre-albumin is not primarily electrostatic, since a raised ionic strength in the eluant gave a poor recovery of the protein. Conversely, there is a substantial hydrophobic component to the interaction because alcohols added to the buffer gave a very efficient elution of adsorbed pre-albumin. Barbiturate and thyroxine, which bind to the same site in pre-albumin (Balfour & Tunnicliffe, 1960), achieved complete recovery of the protein from the Yellow gel at such low concentrations, similar to the 5 . 8 m~ concentration of the dye on the solid phase, that a direct competition with the dye for the same binding site is implied.
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The behaviour of retinol-binding protein was examined only in experiments where elution was performed with 1~ NaCI. Approximately half the retinol-binding protein (53%) in dialysed serum was adsorbed by the Yellow gel, but it is not known if this represents a discrimination between the two forms of the protein (Rask et al., 1971) . It is also not clear whether the adsorbed fraction of retinol-binding protein was bound as its complex with pre-albumin. When eluted with 1 M-NaCl, 91% of the bound retinol-binding protein was found in fractions containing only 19% of the pre-albumin, but this separation may have represented a dissociation of the complex by the high ionic strength of the eluant.
Taken together, these results show that pre-albumin may be efficiently extracted from dialysed human serum by im- Table I . Elution of human pre-albumin from Remazol Yellow GGL-Sepharose-4B
Portions (1 ml) of serum dialysed against 2Om~-sodium phosphate buffer (pH 7.4) were applied to 1 ml columns of Yellow gel equilibrated previously in the same buffer. The serum was then washed through with 2ml of buffer followed by 3ml of the appropriate solution. Fractions (1 ml) were collected for analysis. We have been seeking information about the important catalytic groups in rat liver acid phosphatase and have been studying the sensitivity of the enzyme towards reagents that under most circumstances are known to react preferentially with free thiol groups. Here we report the effect of the organic mercurial PCMB,* which reacts preferentially with thiol groups at pH5.0. Acid phosphatase was purified from rat liver by the method of Igarashi & Hollander (1968) with slight modification. Two peaks of activity were obtained by chromatography on DEAE-cellulose. The peaks were designated P, and P, according to the order in which they eluted from the column. ARer further purification, PI had a specific activity of 0.98pmol/min per mg of protein, when assayed at pH5.O and 3OoC with 50m~-p-nitrophenol phosphate as substrate, and separated into two protein bands on polyacrylamide-gel electrophoresis. The specific activity of purified P, was 0.42pmol/min per mg and this fraction of acid phosphatase migrated as a single band on polyacrylamide-gel electrophoresis. The purified fractions were stable for several weeks when stored at M 0 C .
To test the effect of PCMB on acid phosphatase, portions of the fractions (containing approx. 60pg of protein) of P, and P, were each incubated at 2OoC with PCMB (0 to 5 6~~) in 0.1 M-acetate buffer, pH5.0, in a total reaction volume of 0.15 ml. At appropriate time intervals portions (0.02 ml) of the incubation mixture were removed and assayed for residual acid phosphatase activity at 3OoC and pH5.0. Investigation of the * Abbreviation: PCMB, p-chloromercuribenzoate.
protective action afforded by the substrate analogue Pi, was carried out using PCMB/buffer mixtures containing various concentrations of Pi.
The results shown in Figs. l ( a ) and I(b) indicate that PCMB effectively inactivates rat liver acid phosphatase, resulting in Time (min) Fig. 1 . The eflect of p-chloromercuribenzoate on rat liver acid phosphatase Enzyme from DEAE chromatographic peaks PI (a) and P, (b) was incubated with the indicated concentrations (in p~) of PCMB. Samples were withdrawn at intervals for determination of residual enzymic activity.
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BIOCHEMICAL SOCIETY TRANSACTIONS more than 50% inactivation within 2min exposure to a concentration of 5 6 ,~~. The rate of inactivation is dependent on the concentration of PCMB but it was apparent with all concentrations of the mercurial that the inactivation process proceeds by a rapid initial step, resulting in partial loss of activity succeeded after 2 min by a slower process. Comparing the results obtained with P, and P, it is clear that although both are inactivated by PCMB, P, is much more sensitive to the reagent.
Thiol residues have been implicated in the catalytic function of bovine brain acid phosphatase (Baldijao et al., 1975) . In addition, we have found that arginine residues are important for the activity of fraction P, of the rat liver enzyme (Navaratnam et al., 198 1) and an essential histidine residue has been reported for acid phosphatases from bovine liver (Lawrence & Van Etten, 1981) and rat liver (Igarashi et al., 1970) . Resolution of the part played by each of the different residues during enzyme turnover should go some way towards explaining the chemistry of enzyme-catalysed phosphate hydrolysis. P, and P, differ considerably in their sensitivity to arginine and to thiolmodifying reagents. Whether the difference is evidence for distinct enzyme forms, i. It has been reported by several groups of workers that mitochondrial aspartate aminotransferases (EC 2.6.1.1) are more closely related immunologically than are the corresponding cytosolic isoenzymes (Sonderegger & Christen, 1978; Teranishi et al., 1978; Porter et al., 1981) . This has been interpreted (Sonderegger & Christen, 1978) as showing a slower rate of evolution of the mitochondrial than of the cytosolic isoenzyme, possibly connected with the necessity to translocate the former from its site of synthesis in the cytosol into the mitochondria. Recently (Doonan et al., 1981) the idea of a slower rate of evolution of the mitochondrial isoenzyme has been questioned on the basis of statistical comparisons of amino acid compositions of aspartate aminotransferases from a variety of sources: these comparisons suggest a very similar rate of evolution of the two isoenzymes. These apparently conflicting conclusions can be reconciled if it is assumed that limited regions of the mitochondrial isoenzyme have been particularly highly conserved during evolution and that some at least of these regions are antigenic. The results reported here give support to this hypothesis. No work has been reported to date on determination of antigenic determinants of aspartate aminotransferases. However, Hopp & Woods (1981) have published a method for prediction of protein antigenic determinants from amino acid sequences. The method involves assigning hydrophilicity values to each amino acid and then repetitively averaging these for groups of six residues down the polypeptide chain. Hopp & Woods (198 1) claim that the highest average value obtained invariably lies within or immediately adjacent to one of the antigenic sites for proteins of known antigenic structure. Secondary maxima sometimes, but not always, correctly predict the locations of other antigenic sites. We have applied this method to the known amino acid sequences of cytosolic aspartate aminotransferases from pig heart (Barra et al., 1980) , chicken heart (Shlyapnikov et al., 1979) and horse heart (incomplete sequence; D. Barra & F. Bossa, unpublished work), and of the mitochondrial isoenzymes from pig heart (Barra et al., 1980) , rat liver (Huynh et al., 1980) , turkey liver (Barra el al., 1979) and horse heart (incomplete sequence: D. Barra & F. Bossa, unpublished work). A program for performing the analysis was written in BASIC and run on a Cromenco System 2 computer. Results were displayed as histograms of hydrophilicity value against position in the sequence of the centre of each group of six residues.
Peaks of high hydrophilicity were evident in the histograms for both isoenzymes. The highest value for the cytosolic forms was at positions 27.5, 28.5 and 29.5; that is, three adjacent sets of amino acids gave identical values. The sequences of the eight amino acid residues included in these sets is given in Table 1 (we do not have sequence results for this region of the isoenzyme from horse heart). The highest value for the mitochondrial isoenzymes was found at position 43.5; again sequence results are given in Table 1 . It is immediately apparent that whereas the sequences of the putative antigenic site are identical in all mitochondrial isoenzymes for which we have information. the sequences of the site in the two cytosolic forms differ in two out of six residues no matter how the six continuous residues are chosen.
Predictions of antigenic sites from second and third highest points are much less reliable, giving correct assignments in 43% and 50% of the cases examined by Hopp & Woods (1981) . It is, however, noteworthy that both the second and third highest hydrophilicity values for the mitochondrial isoenzymes were found for groups of six residues that have been completely conserved between the various species. With the Table 1 . Amino acid sequences of regions of aspartate aminotransferase isoenzyrnes with greatest average hydrophilicity Subscripts and denote cytosolic and mitochondrial respectively. The numbering system used for all isoenzymes is that of the cytosolic form from pig heart (Barra et al., 1980) . References for sequence data are given in the text. 
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